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ia®?SS7k*J!)n;LT30;JtL16-CT-?Sl«a-r«. 
7 7 > y h © T 4 U y ^ U ;>-•■?• K » :^ - 

SOnll Tris-HC< (pH 7. 6 ) . lOaH HgC £ . . S ail 
y * 7. 7 -f h - 0. 2 ■« ATP«: Wf 4 )S jft 
(25«i) 4>T D N A 7 7 > y h ©«■ * OiJ-fl 
( »<j30p»oles) * 6 mii O T 4 'J 5^ ^' ;^ ■?- K 
+ (^iBi§) T37-C. 60J^P=T*!iS-r i C i 

tcfc 5 ' 'J y M-lbf . 'J yi&Vci nfc 7 
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r> ^ f y ^^^t•^8)el*ifi^f (it iooaDiooxo 
*iSK: 5 ^P-TttB LfcasfiTjava L r ^- V >• 

IB aa D N A 'J >^ - -If 1 g IK 

DNAlw> DNA*'J>7-*'I (Klenoi.7 
7 K SiBig35»tt/*l ) 1 (J, l.BdXTP 

(dATP. dCTP. dCTP. TTPtDS^ft) 1 p/ , lOX « 
ai% (70*n Tris-HC/e (pH7. 5 ). 1 ■H EDTA.200«H 
NaC< . TOiH HgC £ > ] 3 d C iS B M 9 tK ^ IlD ;i 
T ± S « 30 t U , 37 X T 30» Kl Ce S r 4 . 

A 0-&b£ 

6' ffitlBa.H I <=fS«* t 3' SSitiSlC 
Hpall((lspl) KaHK^Il* fc ■t©-*®©^- 
4<t mil M T y 5 y ©He I (123) -A la (151) * ^ 



?iP»n¥ 2-22 7 075) (7) 

ttffl * 4 3 K y (preferential codoni) * T 6 
©a K yccWr 4iRNAa»-)BK^IBBrtC*« 

C??7tL-r*.-0 Ike. ura. T.J. Hoi. 

Biol. 151 . 389-409 (1981) iGouy.H. I Cautler.C. 
Nucleic Acids Res 7 055 - 7074 ( 1 982) ] s HSR 

-( y $ nfcE5!i**r . 

lllg©^«K:a-,Ttt, »:®4llfflo*'j3'j» 

^' U * K : 

5 ' -GATCCATCTGCACCGCTTTCCACCACAACCAAGAAACC 
TTCC- 3 ' 

5 ' -AGCTATTTTTTCACGAAGCTTTCTTCCTTCTCCTGCAA 

ACCGCTGCACATC- 3 ' 

6 ' -TGAAAAAATACCTCTACGAAATCCCTCCTCGTCACCCG 

TACTTCTACGCTCCCG - 3 ' 

5 ' -CCAACAACAGCAGTTCCGGACCGTACAAGTACGGGICA 
CCACCAGCCATITCCTAC- 3 ' 

*Cariithers h ( Na I teucc i , M. 0. & t^Caru ther s , 

n. H. Tetrahedron Letters 21.719(1980)) VI i. *^ 

flSKKApplied Biosysteas ^f^l'SSOB) * ffl I'' T 



^«Ufc.^fi!(*n/; D N Affi (Mj30p.oles) 50 
■ n Tris-HCi (pH 7. 6 ) , lO.M HgC £ . . 5 .H ^ ?• 
:^ 7 -( h -^uRtf 0. 2.« ATP«t-Wr«jS« (50 
rf) *T6*{^OT4*'JJ^^'^3^?-^- + :^-■t• 
(SaiS) SiSTT37-C. eo^Pslffiaf 4 C 
J; 0 5 • "J yBUt L fc. 

y yBl^t^ti/:??^'^ 4*i£SHf 100 "C 

'J y ^'itfj -5 /c. 2»/©T4 DNA 9 *■ — -fe' (800 
SiSii) ■£ JlD;tT16t T-?a«a L 7 7^ 
> y hrBl*ateLT-*«77i^> yhiLA:. 

*cc®z*tjS77i^>yhi& Hpan (Msp I ) r 

W Bi L T 96bp© 7 7 > y h 4^ 49 /c . 
Wffift^Z, b mnyaT/uy 5 y WiB-WPt(123)-Pro 
(303) » J- Kta D N AI»liB-©ftB3 

IE«t hflttrOT^urs y©7 5y5fiJSffl43- 
K-r^SB^*^*, 3C4»B©-fe U yi£-3 

- KTi 3 K y*'Hy?>»±3 K ycs^tUTt^s 

£5(1* # t- ^ gtll t h cDNA^' D - y (HSA-IA) (# 



^ W 1 : SS 6 El) *EcoR 1 K:J;*)«»iUTt y M. 

5 KpUC 19©EcoR I66iac»AtTr7X5K 
pUC-HSA- I 41tS3L/c. 

pUC-HSA- 1 ^ Pst I Ty)»i ilifcS' 935© 

V y » « * ^' 7- ') 7 7 * v He * 7. 7 r ^ - 

TjaaLTMi^L/cai, iipan(Njpi) ryiKu 
T 750bp© 7 7^?'>y^^«)♦)tl^L/c. c©750 

bp® 7 V y 1- 1 Cfclv-c^)SU/;96 

bp© 7 7 > y h <!: T4 DMA «J *' — -f T Hpa 0 (Msp 
1) ®W«*«I^±®*!-&*»ilfflLTl£^Lfca. 

puc isoBa.H I i Pst I © " m tfi ft % ® ;^ s i--:* 
o 7 7 iJ' > y h 4T4 DNA >; *---b- c .k ») ata L 

pSALD 7*7 7. 5 

IT W 3. iH^gftg^IBffl7 7?.5 KpAT-trp- 
phoA-SAi n ©f^83 (m 3 BP 
pSALD -&Ba>H I T$!tSLTr»1i9L%»B%:*;ieB 
D N A * 'J ..I 7 - -f 1 -C to a b > ¥ « i L A: 
a. Hind m T^JBi LHSA cDNA*'g-f 750bpO7 7 
iT^ y h -:^PUC 197*7 7. 5 K C T ;*cI8 
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a 7 A 'J 11 * ;^ 7 7 ^ - *■ (phoA) ® •> f ^ -« 

^•7" -7 7. 5 KpUC-phoA (#%«<2)4 HpaD(Hsp 
I ) t :^Wa D N A * y > 7 --t- I 

L/caEcoR I TWBfibs -J-^^-K^fl*. 
^t69bpO 7 7 V h Z07v{>'j>-y 
^ ipSAL Di*OIE«t h|flvB7;U7'5 ycONAO 
-eS^-tC 75Obp07 7 ^ > ^ K«T4 DNA 'J *■- 
■b■Ta6 U . $ t. CpUC 19©EcoR ( iMind n ® - 

Srfi'<t«!i07-S':*;&t^:^077^> y hiatSC 

.,j _^_K53 ^HSA cDNAgBi)-4<0«A<,/cpUC- 

pboA-SAL Dr^Tv^K^-ff/c. c:oJ;-5(c:LTa 

^ $ n PhoA •> ;u 7" ^ K * 3 - K -r i 'J - 
^^K?ll t HSA cONA© — eiii ©TbTC tt J« ^' f- 

Kee5ijccATcc*<7 fr^-imt Lx^i:.. 2 m 

O 7 5 y MCly-Ser 3 - K T 4 /c «> K H K i 

oa-^iife^-t:.}: ♦)'&fiss n4ia-&ges«PhoA 

•> ■y i- r\' '< -f 1- K -GIy-Ser-«ell23~pro303<!: I' 



?in3¥ 2-22707!) (8) 
^t^t"<7-f- K-E«t h'iliiyfl7;i'7'5 yoa^ 
^ y A ^1 K ©5£^tC ffl /cpAT - trp-phoA-HSA- A 
( 3 Rtf A ; 4*IKBB63- 037453) 

/c. pAT- trp-phoA-HSA-A^ EcoR 1 i H i nd HI T :ia 
jfi<kL, phoA -:?"-ffi?IJ-HSAcDNA eSl»*'&* 

«v>:^t&V':»©7'7*^> :^ h*. puc-phoA-sAL n 

f V 7.% K 4EcoR I t Hindis K J; *) " S <t U T 
j# ^> n « SOObpffl -7 =7 V / V \ t\K OKA 'J -b' 
tC J; *) a*a LpAT-trp-phoA-SAL D 7" 7 7. 5 K * <9 

pAT- trp-phoA-SAL n r 7 7. 5 K*:^»i®HB101 
tZ}iJS»E»aK:<fc») 3A br^lIBHBlOKpAT-lrp- 
pboA-SAL D ). 

fificeaxwasa losos-t (ferm p-io308)iL.T 

pAT-Trp-phoA-SAL n*R*-riAl!lfflt;<t4A 
Iia7;i'* 'Jt4*7.7r ^' — Hr®i'*':J-Jl"<7'9- 

Kit niavfl7/u7-5i'8)i>^-oiit^£aS**o 



'S g. 

pAT-Trp-phoA-SAL D * J^-^AHifflHBlOl tt«5 
«£ O , 7 :^ f •> V * 25« / rf # t- A' y 7 (LB) 

J9 ife ( /V ^ h h >; y h ;/ 1 % , « a I + 7. 0. 5 % . 

NaCf 0. 5%) Lv 37-C 18I#KHS i 7 »S« 

U . Z 2 mti 7 y e ■> >) 'y iihm / 

■i^f 5 «f OM9-CAJgllb (Na.HPO. 0. 6% .KH.P04 
0. 3 %.KaCC 0. S %. NH<C< 0. 1 %.CaC£ , 0. 1 

■n. Mgso. 2iin, * I*' 5 y Bi 0. 8 % ) tcttffiL. 
30i)-37 r T Ig S L A: a < K 3 «5 H T * 4 3 - P - 
4 X K - /i'7 U ^I'H ( I A A ) * 20«/rf i a 

4 J; -3 »D A. /; . * K 37 X T 5 ~ 7 13 PbIS i 7 »S 

5 « 5t fc . 

±8eo.<t7KiSSU/cJg#«^7000rp. . 5^5- 

25»H Tris-BC£ (pH7. 5 ) . 10. M EDTA , 1 .« 
PHSF ( ^ <t 7 i - ;U > f- ;u Jl- * - /I' ) tC S >9 
ifi $ * . 9B e V V 9- - .i. * 0. 2 «g / ■« fln i /c . 37 



ahr7?-h (?.7j:a7'7Xh)*<1»'bHfc. 
COj?^«4**U:»U. 7ftaiUfc8t. lOOOOrp.. 
10^^a'C«U, 3.7xnr7^h«ttK*-ttA:. C 
ffi>i.7:cnr7?. K*20?<f9tt« (25.(1 Tris- 
HCi (pH7. 5 ) . IOdN EDTA ) K H i? iS S * . * 
is * T *• 'J y a -yt. i Y -)■ V - or -i 7 IV^ : 
8 ) ir J; *) U/c. 4 X tifci-^TIK^ifll* 15,000 

rp.. 2o«-a.c,'L. ffi*»3t*is/c. coa»a 

2*25. n Tris-HCi (pH7. 5 ) C II i? ffi * * , 4 
•CC*Jt^T?¥jS«« IS.OOOrp. . 20»a-C.>L/c. 

5r^iS14Bi} t U t ^# fc. 

S P S - 'J 7 'J ;t/7 $ K Vy wggli^fJi 

1 ) a » IS s e s o » 

IgS ia 0. 5 al «7000rp. . 5 3 '£.< L. , * ffl U 
ti. Bflt*10p* O S D S - :/7" ;W)ft (62.5.11 
Tris-HC« (pH6. 8 ) X 2% SDS, 10?< > a 18 v 

100-c 5 ^)-i5a L fc. c n*j)-SBy;wjaKio%o 
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S D S - * >; 7 ^1 'J 7 5 K y ( Lae.i 1 i O ^ . 
m ■■ Nalure(London)211_. 680<1970) ) C T 7" 5 

2 ) :FiSttB»©»»f 

«S*25.H Tri3-HC« (pH 7. 5 ) S i¥ S S * . 
-(Hit*). S D S - -tf y r^PTRT ?6»; L /; . 
100-C 5 ^JSSr * C i K J; 0 . :F»S11SeB«r 

3 ) afeRc^Bife 

* W »* 7 a . y ;Hi K fe « ( ^ T ■> - yj 'J 7 
• n' — Q.2S%. X {f J - ii'ii'A. fft«10%) 

c 3o» ra ~ 1 Ki a t , ^ fe L . ^ a * n fc y 

jUJBifeiffi (> y - 'I' 5 RM10%) * 

U BR fe S a ( A -< * 7 V K tt S . t T ^^ 556S!) 

S D S - 'J 7 y 7 5 K y JPllS^AItlViT 

WBiL/c - ^□■feJ^D — /U^ — (Bio-rad. 

Trans-blot©) s R 9 v H V 53 3 ««« Ht 



?5Bn¥ 2-227070 (9) 
(2tSj) *7-nv7--< Vi^jR (0. 3?< Trls . 
1.44% V 20% > ^y-ZU) CiSLfc. 7" 

o V 7- ^ ^'iKT * ^> *-li«>i5 L 7. 3 V f- • 

*a *3 -tt , 7. 3 V '•>• V K T » * . 7" D V T- w 

V ^SB (lEFCOttSS. Model :TC- 808) C -b v h L 

7-n V 7- ^ :/*^>flL*ii^/c 200.*, 1 I$PbT 

T B S jft (25.N Tris-HC« (pH7. 5 ) , 0. 5 M 
NaCi ) T 10^ as LA:. 3%-b'7f-;^A»)© 
T B S«T30^}«aaU/c». 7 ^^U^-* 0.025 
%7t.een-20CD A -5 T B S « ( TTBSiS i T « T ) 

K t ^ 7 /u 7' 5 y - -5 -i*^ +■ ifii vfi o I g C S iJ- ( * 

V '<^t'tt5a j * 1 %-t' 7 ^ y A »3 (OTTBSjttT2000 
fgtcSgRL. i0«*tC7^;u^-taU. 2~ 
ISISMteS b ftC, 7 .< ^ui- -•STTBS«i*C 



#'--fea}Ji<*(Bio-rada:Sa) *l%-fe-79-i'^ 
«®TTBSiS-C3000(gU:J&WU/ci«4'C 7 .< ^l-^ - 

4»L. 2i#r«i®au/c. i^jasi*. 7.(;i'^'- 

*TTBS)ST211, TBSlftTlia, * n 5 ^} 
Kliit o . 0.015%H.O., 0.05% H R P * V - r 

V 7V :/ h •';- ■>•* V h (Bio-radtt) , 
16.7%>^>'-;i'-tWOTBS«C7.<;l'^-4 

-5lt30»»S L.fc, fat h • T/i'T' 5 

-5 «!i iai^«&i:%fet/; (m 4 

E) . ^^fi 21000CDl4iac*it!flffl»5ifiSfe 

*< a ii) -i) n/c. 

II Mi W 5. HI ES 7 mi » ?. 7 7 - -fe- •> 

;u-<y» r ^: 5 ^ H s A ^ioat^» 
y /< 0 's^.zt - K ^ s b N A jg^ii » -a- 

fr77.5 KpUC-phoft-»HSA gilt 83 

(IS 9 

■kVk1&y <) n.* 7 f - ■> ^ li'^y 
f- r i fiSc J?! t h m 7 /u 7- 5 y A © Bt ■& ^' :^ 
SI«3-K-r4DNA6e?iJ«^C-g%««3K5S»K 



©pUC-phbA-HSA-A«:EcoR 1 i Msp I -C-Smit L- 
7 ^^ * U 11 * 7. 7 r ^' - -t- O ^ «^ + ^i"< 7" ^ K © 

V Haw 7^1' 7' 5 y A© 15214© 7" n 'J y O 3 K V 
*T©tI« (i<]500bp)4W») asU/c. -:^fi3SB» 
ruT'nt ^IIar^l7-'^7■5 yA©■^■£))^!^S!t hilii 
Vft 7 y 5 y, A © 30314 © 7" n U y « T « 3 - K 
•r 4 A< , 304 14 ©-fe'J y©3 (TCA) 
/s- - ;u 3 K y (TCA) k: a ft * H /; D N A 
t ^CfflftjL r 7- 5 KpUC-HSA- 1 ' « Hsp 1 t 
Xba I T -SfSltL. 15314©^^!'^ 5 1'B(A^^, 
35614© h "u* •=- 4 "C ©«ja^ 3 - K -r 5 (L 
t-L 30414©* A--;U3 K VTWSRll»*±-r iO 
r U K {C « 30314 © 7" a >J V « -C © ?l a « 3 - K 
t i) l<J 610bp© D N A»itt-*»fc. d *l 2 "P 
odna8R)t-^x r 7 5 K i' ^' -PUC18 i 
EcoB I i xba I i-craiBltUTi^/c:*;^ «:*© 
gJifr (»<j2660bp) i if »S S C t J; *) , ±1& 

a 7 ■'I' * "J 11 * 7. 7 T 9 — -b' <D ■> t ii' ^ r f- y 

ifiSS! t h lla Yfi 7 7' 5 y A ©Aspl-Pro303 © pI 
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a t> « « St-^fi V i) !B (phoA-.HSA) * 3 - r 

DNAK5!l*-g-L-tE«i;l7-7:^ 5 KpUC-phoA 
-.HSU «tt»L.fc. 

WffiWS, «a E8 7 ;u ft .-h X 7 T » - -fe- -XT 
•^/w-<r?- K S - H S A^cat^^ 

. y/vg gphoA-.HSA »»ffl-ra^y)g) 

ilk^T^r =i ZK % KpAT-trp-choA-.HSA 

iser? ^ 5 KpUC-phoA-.HSA 4EcoR I iHind 

•fi/*':^;P'<r?- Ki S - H SAiCfit^^ yA 
^' S 4 3 - K -r 4 D N Affi5iJ*5J*3 iU C *i * , 

» a 7 * 14 * 7 7 ^ - -fe' ^ ;u r 
K t fi£ SJ t Htl-i« 7 7' 5 y . A CD y ^ H 

CDS5iit:ffliW;ia»;ir7;». 5 K pAI- trp- phoA- 

HSA-A *>t)EcoRl iHind IB i O-SrH^tH i; *) « 

^aiUfc;*:§i>:&oDNABiK-iaiKUfc. ta» 

i r 7 7. 5 KpAT-trp-phoA-HSA-A«^I8ffl h 'i r 
h 7 r y7'D l-^-©TifiK:#?t-r4EcoS 1 K 
iS 65 ffi ffl T ie tc: :^ 11 a 7 * -i 11 * 7. 7 7 ^' - -fe" 



55Ba¥2-L'2707n (10) 
;^-y + ;b'<r?-Ki«jK;k.. HIa«7;u7-5yA© 
ffl-t^ >'•'^•^fi4^-^-•r*DNAffi5a&tf■€•o 
3' ffl^faiRBe^iii'iaaL-tofiacHindffljga 

Ecos I iHind m^ffl^^fc-srB^tK:i»)^#^,n/c 

& « o D N A M li M a 7 * 'J 11 * 7 
T^'--b-i'!/-J-;i'-^rf-KiJi£»ftt K11I1TB7/U7- 
5 >A©a-&* y-'N"^'H*3 - K-r4DNAE5!l 
*^i>fc)Bi«»). i;J8B7;i'*yi4*X77^' 
--f >!rt;u-t7-f- Ki S^H S AiOiU-^^' y 
^^•^'S*^- Kfi D N AKJO^-g-fEcoH 1 - 

HindiBBiitt-iaiat-sciKi^o.jtiiBh'jr 

h7 7 yrn^-^'-JliaTtCJSia^jJ' -y^^O fi 

«»5-cS4«ig«i#,A:iaa;ir7xs kpat- 

trp-phoA-.HSA * m!8T S /; . 

pAT- trp-phoA-»HSA T v 5 K « « B HB 101 

CJBHKftttc J; oaAU, :*:«BHBl01(pAT- 
trp-phoA-.HSA)*}^/;. ; ©;^)!SBttaiBtBS 
^10952 ^(FEBn P-10952) i LTIM}5»K,et4 



iiLBLi >§«8HSA^3- ^-raDNA»#^.• 

MIftA. r ^ ?- 5 KpUC-tHS AOItSS (S 

loBa) 

Bni2li»A 7*7 7. 5 KpSAL II lifiRWl t HfilYfl? 
5 y A OMell23A^ ^) Pro303« T -S 3 - KT * 
* D N AK?IJ€■^^T*J *3 . Ba.H I i Hsp 1 i O 
-SrH^fcC J; 0 «ell23-Alal51 ^ 3 - K-r 4 D N 
AWK- (J<j90bp) « C aj L/C. 

±Ser 5 5 KpUC-phoA-HSA-A* Hsp I iHind ID 
iT-am^fctT. Prol52A-^, file Wit Hb 7 ;u 
7" § y A O * + •> yu^Og? 4Leu585-£ 3 - 

^•L^^,^;:-^:©3' ffly^eeja^ ^fi^jissobp 

C 2 COBSH-*pl/C18 *Ba.H 
I iHind IB iT-ffirB^bLT}#A:»<j2660bpODN 
AWiitiaJ^t, Metl23-Leu585()it8 H S A ) ^ 

3-Kr4DNAee5ii«#ct§8iA.r7><.5 k 

pUC-tHSA^WSU/c. 



r7:».5 KpAT-tfp.tHSAOf^S3 (SIO 

Ji^HSA («etl23-LeH585) « ai-^llT li« < 
iI«a«$-tti©K:;*;IBB h ';r W 7 ^rot 
-:?-*ffliWo. r?:;!.? K-<^ ^ -pAii53^tS 
*{C LT;*:MB h 'J r h 7 7 v ;f '< □ * © r 
D * - - a VlrpL© S DK5!l ^:»i❖ii^fc•a« 
ffl r 7 5 K ^' - pAT • Irp * h V r h 7 7 

y:* o yijjicejFiioTiieKifci cla I tzsam 

1i T «) BR U , nfl ffl $ -tt a , IS a D N A ;K 'J > 
7--b- 1 -cteaUJt Ka^SI<SK;J;*)5fe 
i«©-*M(eB»*«»/:. fttc^ Sph 4 TtJjBS 0. 

v»:^© D N A»i>i-«:}#fc. «W}t nn 

rB 7 ;u7' 5 y A ©HBtl23-Pro303 (SAL D ) « 3 - 
K-riDNAK5iJ4^Ca»;5.r7 7. 5 KpSALB 
* Me 1123 3 K yOiSBilir Jb'SBa.H I JgaeBiaTW 
K L fca, :*;KB DNArf!'J>7--b-IC.t«Ji 

aWA:. ftc. Sph I -ceiBi SALD43-K 
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•r4DNABe5(|«^fc'h*l^:»©DNA8lift-*» 

fc. c o 2 -POD N A»iH-i£ae u AUB h y 7- 

K 7 r -5 o y**ee?!l©T«K SALD«3- 

pAT-Up-SALD tffSiL//:. COpAT-lrp- SAL D 
^ SAL D DNA KJ!rj(DT%(c:{iS-r 2 Sal I tZiSes 
aT«JBitfca. :^IBBDN A# > 7 - -t: 1 T 
-*« D N A§BJ}*a», $ ibUBa.H I C.fc*3 

SAL n DNA CDS' * Sb O SB ffi T « »r L . SAL n OKA 

AtBi)T-4 pUC-tHSAr -5 A 5 Ki£HindinT«JWi 
:*:I8BDNA*'J> 7--b' i -c-*a6Bi)-*a». 
Ba.H 1 -C^jBi LTi#/c!Sfi8 H S A * 3 - Kf 4 . 
D N Affi5!l*^t; DNA»i>tia*SLS«iHSA 
R5ffltBttji7*7 5 KpAT-trp- tHSAtmS 
pAI-trp-tBSArv 7. 5 K^I^qMSHBIOI Cj^Sfi 
ttffiK:.t 0 3AL:*:]18BHB101 (pAT- trp-tBSA) * 
C ©:*:l8Bt4?SXfil}Sl?mi0950 ^(FERM 
P-1095O)i UTISE«iriKa±«!)X3CSEifiW?£^ 



t^l^-^rf K j;SaH SA j;»e>ffi« 

Bt^^ yA^itPho«:tHSA ijr.>gr^ 

II«;177 7.5 KpAT-trp-phoA-tHSA 

f-Ki SAL n Oja-^^- VXi'S* J6iBf4fc«)0 
IBn;l7'7 7.$ KpAT-lrp-pboA-SAL D € SAL D DNA 

BSjaoTistKi^a-r i sal i izmeBttT^w lm 

au/ca. BONA *>J> 7- -b' IT 

AE5!I4 SALD * 3 - Kf 4 D N AfiBJllcrBlOT. 
-^--f^-JIlStC^iEr 4Ba.B I ffiaestlTtBBSL, 
h ij r h 7 T o v-riaStCD D N AE?«®TaL 

C 7 Ji' * 'J 14 * X 7 T ^ - *■ •> ^ 7" K * 
3 - KT* DNAK5«*<ilteU/c«iB%^t.-DN 
A8RK-*i9fc. -:«r, pAT-trp-tHSAiHindlDTtJ!) 
Bra, D N A;K V > I -CiaaL-^fflffl!* 

$111*, $ CBa.H 1 -C^OBIir 4 i t ») ffitt 



H S A« 3 - K-r 4 D N AK?C* «J*) as U fc. C 
*l«,2-P®DNABi)i*il»SL.. 7^i'*"Jtt*;^ 
77 ^--b->^':f;i"<r?- KiSfflH SA i<Ba.H 
I igiSSKJllGCATCCK: i ») 3 - K $ n«CIy-Ser © 

-< r f- K A- 4) « * ;^ - -9^ - c « $ * n » © 

M^^- i'/N-^' fiphoA-tHSA *a«1-«il8iA.7-7 
3. ? KpAT- trp-phoA-tHSA J£ fli 0 U . pAI-trp- 

phoA-tHSA r-7;».5 K«^:*;)affiHBiOl KJKBIiSs 

ffiC i ») 3 A U:^IBBHB101(pAT-lrp-phoA-lHSA) 

c ©:*:«ffiaaxWffi3FS109Sl ^ 

(FEBN p-iosn i L-rxM!5«Ka^fexstaffi 

^jajlifi. 7 * U W * ?■ 7 T » - -b- > y ■>- ^ 
r?-Kj: SA$fc«»5«IHSA 

pAT- lrp-phoA-«HS« , p A T- t r p- t HSA X tt pAT - 

trp-phoA-iBSA 4«=&T 4 :^ttac^ 4 :*:iaa7 
;w A >; a * ^ 7 r ^' - -f © r f- K t t 

nti»7/u7-?i'8S«-©«-&ffasxttSffl^t 



Hfa«7;u7-5vABJiK-««liTfto<k-3CbT 

pAT-lrp-phoA-«HSA s pAT- trp- tHSA X tt pAT- 
trp-phoA-tUSA « -^^UaHBlOl ^ 5 al © , 

7 y e •> y 25«/rf-i-t,-^i''J 7 (LB) »8ift 
(/v^ I- MJ 7" K y 1 ««x + 3i> 0. 5 
NaC£ 0.5%) tCffiaU, 3TC 181$ W fi t T »S « 

ti. CO»e«!&0.2«««7:/fi/'J>'*25a/ 
5 Hi ©M9- CAiaift (Ha.HPO. 0. 6 ?< .KH.PO. 

0. 3 %.HaCe 0. 5 %, NB.C* 0. 1 ?<.CaC£ , 0. 1 

•M. H,so. 2.ti, * 5 y H a 8 % ) Kffinu, 
30»37X T»fi« L/ca, RaftB-cab* 3 - P - 

-i y V - )l'7 f <ni'Sl I \ A A) i 20m / ■« i « 
4J;-3)raifc. $ &C37r T 5 - 1 HBIiai -3 « 
« * It o . 

±SSO^ -3 CJg« LfclS»«*7000rp. . 5 5> 
a-C' *B U/c. itra U it B*«20?< •> a 
25i>n Tris-HC£ (pH7. 5) s lOal) EDTA , I aH 
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a**, ^&>} •/9--U>i0.2tt/Mtm?ik. 37 

Dh7"7;^h (A 7 i n r 7 :^ h ) A<» t, nfc. 
C ©??® is* '/ftaL/ca. lOOOOrp.. 

ffl;^7xBr7X h*20J<C/s»a!R [2S.(I Tris- 
HCi (pH7. 5) , IObN EDT* <P ) CI|j?iB$-frs 
* fS * T rfJ f tj y * ^ y -f *>' - ( ^ 7 ;Hi : 
8)CJ;0«»L^c. 4 -C C*f^TKS?fBi« 15,000 

$425.N Tris-HCf ( pH 7. 5 ] K « j? iS $ * . 4 
X tC*f 1>T j¥5S«*15.0O0rp. . 20J}ai«L/c. 

S D S - V 7 ^ 'J 5 KV^uO^jjclh 

JSSjaO. 5 -£«7000rp. , 5«-a/£.«L. asL 
fc. B«£*10«rfO S D S - yr^Pift C62.5.M 
Tris-HC« (pB6. 8). 2 % SDS, 10% •> s . 



??Ba¥ 2-22707!) (12) 

loox 5 »©a Lyt. ; n*»ay^i'«eio%& 

S D S - * 'J 7 i> 'J ;U 7 5 K y ( Laen. 1 i © ^ 
ft : Mature<London)211_.680(1970) ) C 7 7 7 -f 

2 )V>»S11B»©iJ-«T 

a2*25»n Iris-HC£ (pH 7. 5 ) C H 7? ffi $ Hf^ . 
-6is«i*)x SDS-lfi'7";uift-CS&«L/c. 

lOQ-c 5 niamt i z t izj:. >) . T-isges^pj 

?S{t$-tt. y ;H5 S\ *tl!i * -:. . 

3 ) SS&fi.!/B»& 

iiitJi»*7a. y ;ni^6?a i i> ^ ■> - f '} >) 7 
>Y ■ f >\>-<i.2i%. 3.f J - >\.ii%^ ftKl09€) 
CSOi^Kl- 1 l^feliS SJfeU/c. gi&$n/cV 

L/cKaSK (/■(-<* 5 V KttSS, ^ ir-vi. 556S) 

s D s - * V 7 V ;i'7 ? Ky^nami^^tdHT 
a , V « *• 7 7> tS <k 0 « r U /c . y *H X 



WKLfc — ^ o-fe;H3 — 7 w ^U^— (Bio-rad, 
Trans-blote ) , RCfV v h T > tl S 3 BtlilK 

(2tt) *7'Dvx^>'i>')R (0.3% Tris , 
1 . 44 % y •> V s 20% > ^ / - .(U ) C a L . 7" 

*9^*3-tt, 7. n V V K r tt * y D V X 

y i^SE (lEFCOtta, nodel:TC-808) C -b v h U 
fc. f o y^WL^hitL. 200.A. 1 I^PbI 

U SI * « * It . 

T B S « (25»ll Tris-HCi (pH7. 5).0.5M 
NaC£ ) TlO^jaaUfc. Z%M y ^ V K>) O 
T B S «T305}i5g L fca, 7 ^' - * 0.025 
%:«een-20© A -5 T B S « (TTBS« i JyTttf) 

}/tt |-7;i'7'5y-'>1f4-lliiv<|®I gGB^ (* 
v'^^uaSS) «l%-fe"7f-i'A0 ©TTBS«T2000 
ffiCSKL. C©«4>K7.<;i'^-*aL-. 2~ 



}5^■>■t^+■l gG--\'4-'-E5i*7-t>-t---!;u;f+v/ 

^--b'esaffl;»(Bio-rBdas3) « i 7 5- 

W OTTBS«-c 3000m k: S R U fc«4'K:7 /p^'- 

«TTBS«-C 2 0. TBSiftTl®, -t *l. -f ft 5 » 
rBliftofc. 0.015%H.O., 0.05% H R P * 7 -X 

'<nvr>yh-';^i'"iyh (Bio-radtt) . 

16.7%>^/'-^i'^W©TBS!flit:7M;i'#-* 
?au, is^RfiSS-ttfc. 7^* .(i-^- 

^i*30»aSLA:. IKt h • y n^f ^ >tKt¥t^ 
lT4«!)A<ab5KR«, Sl-^SSfeK;|EfeLfc (^12 
m) . :»?-fi»f337000 ©ttat^phoA-.HSA . » 
aj^49000 OffiacSfflJK H S A. -tUT^^-a 
I^JSIOOO 0<aSi3phoA-lHSA . O •€ +1 n H ffl S 

•rijjct i-ii«i7/i'y5yfii»i3$^sio-r«a 

I. TFftt h ifn -/ft 7 7- S y AcDNft»^r; 

I«t hjJl}9 7.'l-75 y AcDNA* C i' D - y 
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- i. y ffl /c »*SCL0NTECHttO 9 

- t LXVfJ&^tltz t V IfcONA^ -( y 7 'J 1 - i 
ffliWo. >l»tlitfl«A*7 T -•>'*:*:UfflY1090 

5. 5 X10« ffl* L BSJ^lSlft (^^'J 7^1fe+ 1. 5 
J:K:JBa$-ttU«^DNA«:> vy^V 
y^ll'fi- (A.ersha.ttHybond-N) iZ^LtzQL. 

K 3 a (ifcvStt 2io'cp./« ) *r D-y i 

U-Cfflt-'?.^''i-->'^^L.^': (Benton I Davia 
Science lai-. 180-182(1977) ] . Z<D39<Dro 

- 7" US- * Lawn ^) (Nucleic Acids Res ^.6103- 
6114(1981) C J; T fflS * t h Itovfl 7 ;U7' 5 
ycDNAOEJllO T S 5 ' JfMiR{B« (tSIRBflJfeO 
ATC3 K>'<k0123*i'l'**-K -trS. A> ib A T C 

« ( T 5 / MSmO/ ^ yzi y -yttlti-bAT 

a^) t>0(HSA-l) . ZiSiEOiT ^) •> 



15n?l¥2-22707fl (13) 
C, 260* B©n-( •>>'*3 - Kr*t0 (HSA-2) . 
MVK. 576»l®/<'; •>^^*9£ 

585S i o D -( i/ y 1 3 - vr * es» ^ -tnca 

< 6 3 ' -3miRH«*t 

f4jO{usA-3) i n i;K5!lT 4 . c:*iib©rD 
-7os« K5(*» 5 Eics^-r. coro-yo 

■&s£iiei)!iDNA>y-t*-<-y-tc^»3lfi*N a 
ia ti ( T - " P ] ATP i * 'J ^ u * ^ r + + - 

■t'^ ffll'TiT -5 /i. HSA-2 T Btt© i' ^ /l-^ 
i/c ZOO^aa Ji tiWf a — 'y <0 -b "b i (BO) if a — 
y )t)^ D N A * SaS (Blattner ^>ScieBce .2fi2_. 
1279- 1284(1978)) C n^^EcoR I M « T ilUk U x 

m\t^ai^*y- v-T o y H&HSA-2 r^--rtJ^ 

■i y y ^' -( X * -a- (Southem.E. , J.MoI.BIoI, 
503-517(1975) ] . -( y V ^ -( X O /c 7 7 ^' / 
>'MJ3-7©i'D-y*Mbf9'b * 1. 8 kb . 
1. 4 kb . 1. 3 kbOfi $ T * -5 fc. C © 7 S 1. 8 kb 
tl. 3kb©£S©7-7<^>:>b*pUC 19-<^^- 
ti^y^'n-iy^Lfc. CO^^y^'o-y^t 
HSA-l iHSA-3 yo-y t L,T3 



-( y 'J -f •> 9 ^ (Crunstein *? J; Hog ness 

Proc. Natl. Acad. Sci.USAll. 3961-3965(1975) ) C 

X»):k{> <) -vl.tc. c ©e»HSA-3 ©❖^:-'^-^ 

y 'J -f Xf « ^ t3 - y <l itlKHSA 1 -A) 

♦ifc. COi-o-yo^&aDNABifr^eSE?!] 

aiSffl ^ -H13»P18 *?J;?/»P19 RF-DNA ± IC 

ytt ( Sanger. F. .Nickl en. S . *J J; Cou I son . A . R . 
Proc. Katl. Acad. Sc i .USATl. 5463- 5467 (1977) ) K. 

iioese^'J^ftSUfc. -:»HSA-2 ^yo-y 

t LT }t -3 gtn i' o-yoy^-i'-'^'fy'J 
^'^-f-'ya yK;*.n»TffittOi'^'^'i'4^A/i 
!? D- y©-3 520{Hc-7t>THSA-i ^yn-yi 

L- T B y 7 - ^' -< y 'J ^' -( *■ - •> s y * It l» . 
l^BOffift©i'^'^■'^*^^^.*^' P-l'i«tll 
(HSA-n) i^tz. C n*>€> 7 r - •>■ D N A *M 
SJLEcoR I jfi<t«!ltr-7C^THSA-l € y D - y i L 

T ffl I' 1^ If - y V ^' -< *' - i' s ^ * 't 

i.25kb© 7 7 > 1- (HSA- n ) *<yD-yi/N 

^ y ij ^ -( X-r 4 C i * tmU/c . C © 7 7 > 



y f©ia58e5il**'-( xst' + i'?^ K^- 
^%-->^ y?it;i*EU/:. " ««s«-3 "^^ 
- y t li ^ 7' V -( X L « *> o /c. c © IS ft 
HSA- D tt* ^i-*'* f/p^ffiffl* 3 - K-r 4 ee^^ 

g . HSA- 1 - A « t na Yd 7 y 5 -y O 7 5 y * 
Jeiata- K-r4SBi^*:X&. $ K 304»@© 

■t ') y 4 3 - rr •£ 3 K y (t c a ) *<asR»i± 

3 K y © ^N- - /i/ 3 K y T G A IC 9c <t > T 4 C 
Cffl2-7©DNA77^'.»'l'b© 

IE « « iB li E »* W « S E ?!l e> » . 
4?^g<2. -7-^ :^ S K oMC- cboA © ft 13 

^18 8 7 'J 14* 7. 7 T ^ - -fe' <D •> ^i"< 
y?- K4 3- Kl-4<t^-&fi)tPN AE5««#L-y 
7 X ^ KpUC-phoA*a®«lCl,-Cfta3Lfc. 
^1637 ^w* 'J ft*x7.r 9— i£ai->iri-n''< 
yi:3 - K-f 4Tg2©ffiSKyfl*«-<- 4 D N 



-607- 



EcoR I 30 

A« TTC DTC AAA CAA AGC ACT ATT CCA CTC 

G TAG TTT CTT TCG TGA TAA CGT GAC 

Met Lya Gin Ser Thr He Ala Leu 



GCA CTC TTA CCC ITA CTG TTT ACC CCT GTG 
CGT GAG AAT CCC AAT GAC AAA TGG GGA CAC 
Ala Leu Leu Pro Leu Leu Phe Thr Pro Val 

Nae I 

ACA AAA GCC GGC C 

TGT TTT CGC CCG C TT A A 

Tbr Lys Ala 

Hpa D EcoR I 



KOEcoS lif-f \- K.^Xt itC^K-Stii hit. 
Hpa D I2aE?a lift tCHSA-A f&JgiiSG.'f- iMt t 

* 4 fcftcst^ iLx N.e I !2aK5iitt •> 
^ + K*m«r sfiaoT 5 / K (21s 

a 07 7-1') * 3 - KT ■£ 3 K y OiSa-C S!S 

mf - Kf SDNAK?!li*Bt8ai 

^-C i i ^ r> Ct itztt)IZ&\i mtz. 1Z%!> V 

* 9- ^•A^^.fl£4DNA«2*tt Caruthers h 

(Ka tteucci .H.D.and Caruthers, M.H. Tetrahedron 



15M¥2-:22707n (14) 

Letters 21.719(1980)) i; J; 0 M 5E $ ^ fc * ;^ * 
7S#'-< h tt«fi5ffl Lfc SM D N A^fiE«l(Appliod 
Biosyjteest 7-"^l'380B) * ffl IxT ■& fiS $ tl . ■& 
BS* n/; D N A»a life t A If 50«n Tris • HC« 

(pH7. 6) . lO.N hgC£, , 5 * 7. V -f ^ 

-A/R^O. 2«M©ATP«-^=&-r4}Sjft (hOpl) 
'J'TPi:^ © D N A«CD* -0 Oi^S (21p.oles) 4 
6«<aoT4*'J y-i'l'yt-f-V^t--*: (SfBii 
Vki(.^^) ??<STr37-C, 60^ i&Ht i Z i: K. 

±Seo 'J -y&it ^tifi 2 *0 D N A«(4 t-fjS 
«*iHf (St 100<rf)100t 0*i8c An. oi^T 

L/C 2 *« ySHtD N A«:pUC ISr^ 7. 5 KC 
li * ii t- B tc . S IS D N A A<ffi * ii S *i. /c ffl » X 

Tfc *pUC 197* 7 5 K « EcoR I TWtBi a: 5 ' * 
«0'J yKS^Bti-TidiC.kODNA'J*'- 
•b- 45 a K A 0 » ^ C 4 ^ fiS 14 « a ;^ T If « 
CiA'T&S. 1 «©pUC 19 DNA*-i-C-rSjtt20p/ 



(SO.M llaC« , lOO.H Iria • HCi (pH7. 5 ) s 7 
.M «»C £ . , 8 W 12 © EcoR 1 ( - V #:/ •>■-:') } 

*37-c. eoi^tea-r 4 3 i c .t 0 . i6«tt©'<i' 

f-VNAi^ifz. C ©5JC»S««90X . Si}^© 
aUSlffiM** :F?Stt^tL/ca H.0-£38«. 'ti- 
7- y 7 7 /v* V 11* ;^ 7 r ^ -f 1 *<2 (^fBiB 
ttii^^tt) *)!ra;\.T8t60*l t 37-C. 60»tea 

fflSrx^- -^tt»CttL/c. X y -;uttRi«!i 

tt»tate«LT*©si5tcffliwc. 
K vBS^ts nfcpuc IS'? ^ - (30ng) t •> 
i- ji"<-r'f- K*3-Kf4'j :/s^^t2*fflDN 

A (10b») 42.8»tt©T4 DHAV*--*- (SSiS) 
«-tt;Jt30*/O5l£7S)ft (66.ri Tris • HCf (pH 

7. 6 ) V 6. 6 •« N«c £ , . lO.N :^ 7 > - 
/l/. 1 .N ATP] «I>T15X . 4 ^Bijoa Lti»ir 
77.5K*»/c. C ©SlCiftOlOrf^tmiB©^ 

aaTB-i»*}&5ri£tt-r«©tcfflc'fc. 



Biol. 53.159-162(1970)) C J; »3 It BR * H 4 . R 
* (ft c « IB a ( 4 ;Lt4-TB-itt) ©-%1SS« 
( 3^ JS 16 * . tc t7Hin,<i 7 (LB) la tft ] 4 
1^ UJfilfeT 100(g?6»{ L . OD 600A<0. 6 C « * S 
T37X TS i T )S» L 1. 5 «£*5.000rp.. 5i^S& 
-t'LTaBLfc. c'nt 750*1 OSGbM CaC£. K. 
•JSL. *±C20i}ttlBL/caa'C>m;OftaL 
/c. 4# 'bn/ctta* 100#IO50»« CaC£, CHSS 
SL, fflK© D N A ') #--i:5l6«4)!in;t. *± 
C40-})-«(iBLfc. 42X-C 1 i}«iaLA:a. 1 b£ © 
L B lgi|b « j!roA.s 37-C TSO^Sia L /c. C © "3 *. 
0. 1 ««*25m/««. 7 y f •> "7 y^-^fX-Cai M 
^ IS 16 ( 5 - y a * - 4 - !? a n - 3 - -f y K U 
/i'-p-D-if^f \- ■> r ISSag. h ■) r h yio 
g. NaCf 8 Difco 55^12g«*l i IZ i)> 
LpH* 7. 4 C Lfc fc©) ±K:!2?iiL. 37XC-?Sl 

M-rS3 D--*aftL. »f Ll'3S5tJai6C|J L. 

•^»«!aL/c. -e-©3¥5^isi63!)'ib.ffi»«-eife5 

i »3 > LBISifelcJ^L. -I!!llS»}ft« ItfiSi L 
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1. 5 ■£0-«»S««« a'C'U-C»B r7?.5 
KDNAOS-T'U^x'l'— ^a^^^lRI* (Maoist 1» 
^Holecular Clonini:A Laboratory Hanual , 1982) 

It ^§«,*Lfcr7?.5KDNA4iaS 

ttSlffiBJe (fc t;i.tfEcoR I .Nae I . Hpa D tit 

4 93Wi-r « t> o ■?'puc i9'<i' ^- + t:#ai"4t2 
ssp I «ifRi/c:n«.oii^«) TWBiu. r*' 

0 « »AD N A©fi$^£ta-<, ig««»ADNA 

D N A * t- D N A 7 7 > >" h 4 N13»P ^ 7 T 
-•>'DNAt:llBEiiii*. •>■•?■ (Sanger , 

F.Nlcklen.S & Cor 1 son , A . R . P roc . Na 1 1 . Acad . 
Sci. U.S. A. 74. 5463- 1564 (1977)) K. i. t i> I' 
* KK5!1*Z*S fiHWK; Be?) t-r 4 PUC • 

phoAT"? 7. t y in^Ltz. 



?5DI1¥ 2-227075) (16) 

g^W3. r ^ X S KpUC-DhoA-HSA-AOttS 
(m7-lE-a7-2BI) 
:*;»BH7^u* V 14 * 7 r - -tf (phoA)«) •> 
/u-^rf- K iiE« t mnvlIT A'T' 5 A3!)<ffll-& 

Lfc^i'-'<^'K*3-K-f4DNA*'tt;7'77. 

5 KpUC-phoA-HSA.A*»Cffl»K LT^aa U/C. 
t hffcDHAv •< T"? 'J -AMbWfcHSAcDKA * 

■^Vf o - 'y A gtll (HSA- n ) ii- «>lcoB 1 i Xba 

Jrfi^t^;:J;•5T4r•577^'>>'^tffl9JU, c 

*l4pUC 19r 7 7. 5 K CDEcoR 1 i Xba 1 i O" Jl 

rfi^tfe©^ -bX^ti-jjov j ir > y y tti dna'J 

#--f*ffll^TtS^?-ttiBtt;l7*7?. 5 KpUC- 
HSA-EX* t«» Ufc. 

COr7?.5K*Mb Aha ID i Sa 1 1 O - ffi IB <b 

K9 y OJiOiXt^ a O L y s *> 356» S © 
T h r S Tin.- KT*. «!RjE«t Hlll»7/i' 
y P.9 y '<i)Ji^7 5y*JS*^^>^ - K-fi 



E 3?a « , 6 HR L A: 7 7 ^ i' H 2 * * T - - 
;ur.5Cti:J;*)ttaU:fc. C©^«DNABeF!l 
li T A- * y tt * 7. 7 r ^ - -t" O •> + 'I"* ^ K 
4 3 - K-r 4 D N AEJOiim^T § 4 <t 7 C Hpa 
DRJ/ Cla I HlJRVDBiK: J; T^r ilfe«*«K 

5VA^i'/^■^'lt©lSB©75y'KAs p*^i;> 
llSBOTS/'fiaP h e*3-K-r4tt?!l«WL 
C ©T --/I'* -fr D N AEfdU: T 4 * 

>'B'<b**^J fcOi, pUC-HSA-EX*^«>4.Ufc Aha 

1/ Sal I rarest ■ihK.zf^.VL 
^I8H©-7^1'^3 f-i' n-.=.vi)''<i'^'-OR 
t) O © — "7pAT 153(A»ersha»tt5a- Tiiijg, 
A.J.Rt^Sherratl.D.Nature 283 .216-218.1980) 
© Clal / SaII®±am^b«)©-5S:*:S«75 
/ > V h 4iS-& U> C © 3 #*T4 DKA 'J K: 
^Oe-^**- IB»;^.7"7XS KpAT-HSA-CX*« 
te. C©7"73k5K±TiE«tl-|laY(»7Jl'7'5y 
A©lfit075yKAs pA-«,lHa®r5/» 



P h e 4 3 - K -r i D N A K *< -5 « *« . 
pAT-HSA -CX* EcoH I / X ba I T " fi jfi <b L . IS 
t F IlavB7 JVT" 5 y A OAspl~Phe356* 3 - V 1" 

4DNAK5l)^:#t■'J^^^^:^^©77^'> 

cONAli, t hffcDNA? -(T*?') w-A->«>?»/C^D 
- 1/ yl g til (HSA I - A))A-<b#^*cONAE5(l©» A* 

tiTi^iEcoH vv =7 V * y h tsHMc, puc 18 r 

=i 7.% K OEcoB I -i^-f hK»A-r4CtcJ;»)IB 
ftil 7*7 5 KpUC-HSA-1 i> n - .-. y Lfc. 

C n t: J; »3 HSA-A ® 358« i ©75>'fiaLeuA^ 
^, * /l- # + ■> a © 585S a © L e u * 3 - K 
S^.lC3' ffl©l^ffliRffl«62J5 U*^- K* 
^L- Xba I /Hindi®-Sifi<fc«5*SaSlLfc. C: 
♦l^:pAT-HSA-CX.k *) fflfcEcoS 1 / Xba 1 " fi ift <t 
feRO'pUC 180EcoB 1 /HindE -SiB<fc«!lO -i t> 
;(t§«77ir>>'h iig*-CT4 ONAV C J; 

») a»S5Ii5*?Tt'. «»!iE«t Ufa « 7 Ji- 7" 5 y 
A©cDHA±*« ^fttft^r? 7. 5 KpUC-HSA-CH 
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* » fc . 

ySEJiJ^ffiS - 1 Bl~®8 - 3WiK.7ht. 

tSL^-sEfH t, h ilfS 7 A/ 7' 5 y A OcDNAi phoA •> 
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HSA -1 5' -AAGGGAAAT AAAGGTTACCCACT TCAT TGTGCCAAAGGC - 



HSA -2 5'-AAGGTCCGCCCTGTCATCAGCACATTCAAGCAGATCTCC - 3' 
Gly248~Leu260Clga7«.«« 



HSA -3 5'-TAGATGTTATAAGCCTAAGGCAGCTTGACTT GCAGCAAC - 3' 
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Specification 

1. Title of Invention: 

Human serum albumin fragments 

2 . Claims : 

1. Human serum albumin fragments, from the center part 
of human serum albumin. 

2. A fragment in accordance with Claim 1 which has the 
amino acid sequence from the methionine in the 123rd 
position of human serum albumin to the proline in the 303rd 
position. 

3. Fused proteins, consisting of central parts of 
human serum albumin and other polypeptides. 

4. Fused proteins in accordance with Claim 1, 
consisting of signal peptide of coliform bacteria alkaline 
phosphatase and polypeptides which have the amino acid 
sequence from the methionine in the 123rd position of human 
serum albumin to the proline in the 303rd position. 

5. Human serum albumin fragments, lacking the C 
terminus part of human serim albumin. 

6. A fragment in accordance with Claim 5 which has the 
amino acid sequence from the aspartic acid in the 1st 
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13. DNA sequences which encode the protein fragments 
mentioned in Claims 1, 5, or 9 or the fused proteins 
mentioned in Claims 3, 7, or 11. 

14. Plasmids containing the DNA sequences mentioned in 
Claim 13. 

15. Plasmids mentioned in Claim 14, which are 
expression plasmids that have control sequences for 
efficiently expressing the said DNA sequences in a host, 
upstream in the aforementioned DNA sequences. 

16. Hosts, the characters of which have been 
transformed by the plasmids mentioned in Claim 14. 

17. A method for manufacturing human serum albumin 
protein fragments or fused proteins containing the said 
fragments, characterized in that human serum albumin protein 
fragments or fused proteins containing the said fragments 
are expressed by culturing the hosts mentioned in Claim 16, 
and in the case in which fused proteins are expressed, the 
said human serum albumin protein fragments are cleaved from 
the said fused proteins as desired. 
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eventually liberated from the albumins, pass through the 
capillary walls, and are dispersed, thus arriving at their 
sites of activity. Albumins have little toxicity and low 
antigenicity; they are easily decomposed in the body. They 
can be easily covalently bonded with drugs and formed into 
complexes. They have the advantages that they have excellent 
characteristics as substrates for drug delivery (drug 
carriers), and for many of them, bonding sites with various 
drugs have been determined or are suspected, so that they 
can be easily designed for the manufacturing of 
pharmaceutical preparations. 

Fundamentally, almost all suspected bonding sites with 
many drugs are contained also in h\iman serum albumin 
fragments, and are thought to be able to show activities as 
drug carriers. When used as carriers, etc., in transport and 
delivery systems for drugs, etc., from the point of view of 
limiting bonding ability with drugs, etc., it is predicted 
that it is more advantageous to use fragments of human sertun 
albumin molecules, rather than the whole molecules. 

In general, as methods for preparing fragments of 
proteins by cutting them, methods of using chemical 
substances such as cyanogen bromide or proteases such as 
trypsin, pepsin, etc. [to cut] proteins are known. However, 
in these methods, since the cutting sites are necessarily 
determined by the amino acid sequence of the proteins, it is 
not possible to cut them at any arbitrary desired site, and 
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fragments which is characterized in that, by culturing the 
aforementioned hosts, human serum albumin protein fragments 
or fused proteins containing these fragments are expressed, 
and in case the fused protein fragments are expressed, the 
said human serum albumin protein fragments are cut from the 
said fused proteins as desired. 

Concrete Explanation of Invention 
The cDNA which encodes normal human serum albumin A has 
already been cloned (Public Patent Application No. 63- 
037453). Therefore, using this cDNA, it is possible to 
manufacture any desired fragments of normal human servim 
albumin A by genetic engineering methods. 

This invention provides, as such fragments, (1) serum 
albumin fragments from the central parts of human serum 
albumin; (2) serum albumin fragments lacking the C-terminus 
of human serxam albumin; and (3) serum albumin fragments 
lacking the N-terminus of human serum albumin. For example, 
this invention provides, as examples of albumin fragments 
from the central parts of human serum albumin, albumin 
fragments which contain the amino acid sequence from the 
methionine in the 123rd position of human serum albumin to 
the proline in the 303rd position; as examples of albumin 
fragments lacking the C-termini, albumin fragments which 
contain the conino acid sequence from the aspartic acid in 
the 1st position of human serum albumin to the proline in 
the 303rd position (these are sometijnes called "mini-HSA" ) ; 
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of diazepam, warfarin, and bilirubin are, respectively, 
Lysl95 and Hisl46, Argl45 and Trp214, and Lysl99 and Lys240. 
On the other hand, the bonding sites for long-chain fatty 
acids such as palmitates appear to be in the C-terminus 
region [Reed, R. G. , Feldhoff, R. C, Clute, O. L. and 
Peters, T. , Tr. Biochemistry, 11, 4578- ( 1975) ; Berde, C. 
B., Hudson, B. S., Simoni, R. D. and Sklar, L. A., J. Biol. 
Chem., 391- ( 1979)]; if the htiman sertim albumin 

fragments from the central part of human serum albumin, or 
the human serum albumin fragments with the C-termini 
missing, of this invention are used, long-chain fatty acids 
cannot be bonded, and the production of drug carriers which 
can bond with diazepam, warfarin, etc., becomes possible. 

Human serum albumins are high-molecular-weight proteins 
composed of 585 amino acids; they have 35 cysteine residues 
in their molecules, among which only the cysteine residue 
located closest to the N-terminus side (Cys-34) is present 
in a form which has a free SH group; the others form 
disulfide (S-S) bonds' with each other; a total of 17 S-S 
bridges are formed in the molecule. It has recently been 
demonstrated that at least 2 enzymes [peptidylprolyl cis- 
trans isomerase and protein disulfide isomerase (PDI)] 
contribute to the process of forming higher-order (steric) 
structures of protein molecules; it is the latter, PDI, 
which plays an important role in forming S-S bridges. In the 
cells of mammals which produce serum albumin, PDI acts in 



13 



which can exhibit these characteristics are included in the 
scope of this invention. For example, the range from the 
methionine in the 123rd position to the proline in the 303rd 
position was given as an example of the central part in 
which drug bonding sites are concentrated; the central part 
is not, however, limited to this range, but may be longer or 
shorter than the 123rd position to the 303rd position, as 
long as most of the drug bonding sites are included in it. 
Moreover, the range from the 304th position to the C- 
terminus was given as an example of the C-terminus region in 
which long-chain fatty acid bonding sites are present and 
which must therefore be removed, but it is not limited to 
this example; the range may be longer or shorter, as long 
as it contains the long-chain fatty acid bonding sites. 
Furthermore, the range from the N-terminus to the 122nd 
position is given as an example of the range of the .N- 
terminus, which contains many cysteines and which therefore 
must be removed, but it is not limited to this range; it 
may be longer or shorter, as long as it is an N-terminus 
region which contains the cysteine in the 34th position. 

Therefore, various albumin fragments can be designed, 
by referring to the following conditions, and fall within 
the scope of this invention. The essential condition for 
designing human serum albumin fragments is that fragments be 
selected which can be expected to retain steric structures 
required for bonding specific drugs. The points which need 
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inside the 5 ' end or 3' end of the cDNA region which encodes 
the target protein fragment and the missing end code 
sequences are made up by chemically synthesized DNA. 
Otherwise, the cDNA can be cut by a suitable restriction 
endonuc lease outside the 5' end or 3' end of the cDNA region 
which encodes the target protein fragment, and the excess 
DNA part is removed by an exonuclease. Of these two methods, 
different methods for processing the 5' end and the 3' end 
can be combined. 

In the example of this invention, as the DNA which 
encodes the protein fragment composed of Met ( 123 ) -Pro( 303 ) 
in the amino acid sequence of normal human serum albumin, 
synthetic DNA which encodes Met ( 123) -Ala ( 151) (Fig. 1) and 
cDNA which encodes Pro ( 152) -Pro ( 303) (the part shown in [ 
] in Fig. 8-1 to Fig. 8-2), bonded together, are used. As 
the DNA which encodes a fused protein of the signal peptide 
of alkaline phosphatase and mini-HSA and which is used [in 
this invention], the DNA which encodes the signal peptide 
from alkaline phosphatase and human serum albumin A from 
Aspl to Prol52, from the plasmid pUC-phoA-HSA-A, which 
contains the DNA which encodes the fused protein [composed 
of] the signal peptide of alkaline phosphatase and the whole 
length of the human serum albumin molecule, already 
described in Public Patent Application No. 63-037453, is 
fused with the DNA fragment which encodes Glul53-Pro303, cut 
from the plasmid pUC-HSA-I', already described in Public 
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according to the host. In expression plasmids in bacteria, 
the DNA which encodes the human seriun albumin fragments or 
the fused proteins which include these fragments are placed 
at the base of the expression-controlling region, which 
includes a promoter and an SD sequence. For example, one can 
use trp promoter, lac promoter, lambda phage promoters (Pr, 
Pl) , tufB promoter, or rrnB promoter, or hybrid promoters, 
[composed] of these. 

The transformation of the characteristics of the host, 
e.g., the coliform bacteria, by the expression vector, e.g., 
the plasmid, can be performed by the usual methods. The 
culturing of the coliform bacteria is performed by the usual 
methods. In order to produce the target proteins, after the 
coliform bacteria have multiplied to a specific level, the 
expression of the target genes is induced by performing an 
induction treatment. The method of the induction differs 
with the promoter being used; for example, when trp 
promoter is used, the induction can be performed by adding 
3-/3-indole acrylic acid to the culture medivim. 

In cases in which coliform bacteria are used as hosts, 
the target protein is accumulated primarily in the cells. 
Therefore, in order to recover the protein, the cultured 
bacteria are first collected and washed, if desired, after » 
which they are resuspended in water or a buffer solution and 
the cells are destroyed. Since the target protein is 
contained primarily in the insoluble fraction, the insoluble 
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central part of the human serum albumin have the advantages 
of both of these. 

Next, the manufacturing of the human serum albumin 
fragments of this invention will be explained concretely by- 
means of actual examples. 

In the actual examples, unless otherwise specifically 
mentioned, the enzyme reactions for treating the DNA were 
performed under the following conditions. 

Restriction enzyme reactions 

In the cases of Msp I (Nippon Gene Co., 10 units/pi), 
BamH I (Nippon Gene Co., 35 units/pl), Cla I (New England 
Biolabs, 5 units/pl). Hind III (Nippon Gene Co., 12 
units/pl), and EcoR I (Nippon Gene Co., 12 units /^il ) : 
sterile distilled waiter was added to 1 pg DNA, 1 pi enzyme, 
and 3 ^(1 lOX EcoR I buffer solution [1 M Tris.HcL (pH 7.5), 
100 mM MgCl2, 500 mM NaCl] to make 30 pi. The temperature 
was held at 37 °C for 1 hour, to complete the cleavage. In 
the cases of Sal I and Xba I (Nippon Gene Co., 15 units/fjl), 
in place of the lOX EcoR I buffer solution, 100 mM Tris-HCl 
(pH 7.5), 70 mM MgCl2, 1.75 M NaCl, 70 mM 2-mercaptoethanol , 
2 mM EDTA, and 0.1% bovine serum albumin were used. 

In the cases of Pst I (Nippon Gene Co., 12 units/^rl) 
and Sph I (Takara Shuzo Co., 10 units/pl), the concentration 
of the NaCl was doubled. 
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polynucleotide kinase (Takara Shuzo Co.) to perform the 5'- 
phosphorylation. The solutions containing the phosphorylated 
fragments are mixed (total 100 ^1) and kept for 5 minutes in 
a 100°C water bath, after which [this solution] is left to 
cool at room temperature; thus the annealing is performed. 
Two pi of T4 DMA ligase are added, and the temperature is 
kept at 16 °C overnight, joining the fragments and making a 
double-chain fragment. 

Coliform bacteria DNA polymerase I reaction 

Sterile distilled water is added to 1 yg DNA, 1 pi DNA 
polymerase I (Klenow fragment, Takara Shuzo Co., 35 
units/pl), 1 pi 1 mM dXTP (mixture of dATP, dGTP, dCTP, and 
TTP), and 3 pi lOX buffer solution [70 mM Tris-HCl (pH 7.5), 
1 mM EDTA, 200 mM NaCl, and 70 mM MgCl2] to make a total 
quantity of 30 pi; this was kept for 30 minutes at 37 °C. 

Actual Example 1. Synthesis of DNA encoding Met (123)- 
Ala(151) 

The construction of a gene fragment which has a BamH I 
adhesion end on the 5 ' end, an Hpa II (Msp I) recognition 
sequence near the 3' end, and the double-chain part of which 
completely encodes the Met ( 123 ) -Ala ( 151 ) of human serum 
albumin was performed as follows. In order to express [these 
genes] efficiently in coliform bacteria, a sequence was 
designed which contained as many as possible of the codons 
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Shuzo Co.)r at 37 "C, for 60 minutes, and their 5 '-ends were 
phosphorylated . 

The 4 phosphorylated fragments were mixed and kept in a 
100 "C water bath for 5 minutes, after which they were left 
to cool to room temperature, to perform the annealing. Two 
pi of T4 DNA ligase (800 units, Takara Shuzo Co.) were added 
and the temperature was held at 16 °C overnight, joining the 
fragments and making a double-chain fragment. Next, this 
double-chain fragment was cut with Hpa II (Msp I) to obtain 
a 96 bp fragment. 

Actual Example 2. Preparation of DNA fragment encoding 
human serum albumin fragment Met ( 123) -Pro ( 303) (Fig. 2) 

The lambda gtll human cDNA clone (HSA-IA) lacking the 
part which encodes the amine end side of normal human seriim 
albumin and containing a sequence in which the codon coding 
the 304th serine is changed to a translation termination 
codon (Reference Example 1, Fig. 6) was cut by EcoR I and 
the human servim albumin cDNA part was taken out; this was 
inserted into the EcoR I site of plasmid pUC19, making 
plasmid pUC-HSA-I. 

pUC-HSA-I was cut with Pst I and the 5 ' -end phosphoric 
acid group produced was removed by treating with bacterial 
alkaline phosphatase; after this, the result was cut with 
Hpa II (Msp I), and the 750 bp fragment was removed. This 
750 bp fragment was joined with the 96 bp fragment 



25 



signal peptide and the part of the HSA cDNA joined in this 
way, the nucleotide sequence GGATCC was produced, as an 
adaptor sequence, and since the two amino acids Gly-Ser are 
encoded, the fused protein actually synthesized by these 
fused genes takes the structure of the phoA signal peptide - 
Gly-Ser-Metl23 to pro 303. 

In order to express the fused protein in coliform 
bacteria, the pAT-trp-phoA-HSA-A (Reference Excunples 3 and 
4; Public Patent Application Bulletin No. 63-037453), which 
was used in the expression of the fused protein of phoA 
signal peptide-normal human serum albumin, was used. The 
pAT-ti^-phoA-HSA-A was doubly digested by EcoR I and Hind 
III, and the larger of the fragments, which did not contain 
the phoA leader sequence-HSA cDNA part, was joined with the 
800 bp fragment obtained by the double digestion of the pUC- 
phoA-SAL II plasmid by EcoR I and Hind III, by means of T4 
DNA ligase, and the pAT-trp-phoA-SAL II plasmid was 
obtained. 

By introducing the pAT-trp-phoA-SAL II plasmid into the 
coliform bacterium HBlOl, using the character transformation 
method, the coliform bacterium HBlOl ( pAT-trp-phoA-SAL II) 
was obtained. 

. This coliform bacterium was entrusted to the 
Microbiology Industry Technology Institute of the Agency of 
Industrial Science and Technology, as Bikokenkinki No. 10308 
(FERM P-10308) . 
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mM EDTA, and 1 mM PMSF ( phenyimethylsul f onyl fluoride), and 
0.2 mg/ral egg white lysozyme was added. The outer membranes 
were consumed by letting this stand at 37 °C for 15 minutes, 
and the protoblasts ( spheroblasts ) were obtained." This 
suspension was transferred onto ice and cooled, after which 
it was centrifuged at 10,000 rpm for 10 minutes and the 
spheroblasts were precipitated. These spheroblasts were 
resuspended in a 20% sucrose solution [25 mM Tris-HCl (pH 
7.5), 10 mM EDTA], and then pulverized in an ice bath by 
means of a Polytron [phonetic; poritoron] homogenizer (dial 
value: 8). The pulverized solution was centrifuged at 
15,000 rpm for 20 minutes, at 4°C, and a bacteria residue 
was obtained. This bacteria residue was resuspended in 25 mM 
Tris-HCl (pH 7.5), and the suspension was centrifuged at 
15,000 rpm for 20 minutes, at 4°C. This operation was 
performed once more, and the precipitate obtained was used 
as the insoluble fraction. 

SDS-polyacrylamide gel electrophoresis 
1) Analysis of bacteria total protein 

0.5 ml of culture solution was centrifuged at 7000 rpm 
for 5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 pi SDS-sample solution [62.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2 -raercaptoethanol ] and 
treated at 100 "C for 5 minutes. The result was applied to an 
SDS-polyacrylamide gel [Laemmli's method: Nature (London) 
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(Bio-rad Co.), and 16.7% methanol, and reaction was 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at a certain place (Fig. 4). The expressed product of 
this invention was observed at the position of molecular 
weight 21,000. 

Actual Example 5. Preparation of plasmid pDC-phoA-mHSA, 
containing a DNA sequence encoding a fused protein of 
coliform bacteria alkaline phosphatase signal peptide and 
mini-HSA (Fig. 9) 

The pUC-phoA-HSA-A mentioned in Reference Example 3, 
containing a DNA sequence encoding a fused protein of 
coliform bacteria alkaline phosphatase signal peptide and 
mature human serum albumin A, was . doubly digested with EcoR 
I and Msp I; the region from immediately before the 
methionine codon of the amine end of the signal peptide of 
the alkaline phosphatase to the codon of the 152nd position 
proline of the mature human seirum albumin A (approximately 
500 bp) was cut out. On the other hand, the recombinant 
plasmid pUC-HSA-I'i containing a DNA sequence in which, of 
the precursor prepro human serum albumin A, the mature human 
serum albumin A was encoded up to the proline of the 303rd 
position, but the codon of the 304th position serine (TCA) 
was replaced with an opal codon (TGA) , was doubly digested 
with Msp I and Xba 1; a DNA fragment of approximately 610 



32 



which a DNA seq\ience encoding colifonn bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
and its 3' side non-translation sequence are placed 
downstream from the EcoR I recognition site, which is 
downstream from the coliform bacteria tryptophan promoter, 
and the Hind III recognition site is located at the very 
end. Therefore, the larger of the DNA fragments obtained by 
double digestion using EcoR I and Hind III takes a form in 
which the DNA sequence encoding coliform bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
is lacking; by joining this with the DNA sequence encoding 
the fused protein of coliform bacteria alkaline phosphatase 
signal peptide and raini-hSA, it was possible to construct 
the recombinant plasmid pAT-trp-phoA-mHSA, which has a 
structure in which the said fused protein could be expressed 
under the control of the coliform bacteria tryptophan 
promoter. 

The pAT-trp-phoA-mHSA plasmid was introduced by the 
characteristic transformation method into coliform bacterium 
HBlOl and coliform bacterium HBlOl { pAT-trp-phoA-mHSA) was 
obtained. This bacterium was entrusted to the Microbiology 
Industry Technology Institute of the Agency of Industrial 
Science and Technology, as Bikokenkinki No. 10952 (FERM P- 
10952) . 

Actual Exaunple 7. Preparation of recombinant plasmid pDC- 
tHSA, containing the DNA encoding contracted HSA 



with coliforra bacteria DNA polymerase I and the single-chain 
part of the end was buried by a nucleotide polymerization 
reaction. Next, cutting was performed with Sph I, and the 
larger of the DNA fragments was obtained. On the other hand, 
the recombinant plasmid pSAL II, containing a DNA sequence 
encoding the Metl23-Pro303 (SAL II) of mature human servun 
albumin A, was cut at the B^mH I recognition site, 
immediately before the Metl23 codon, after which a 
nucleotide polymerization reaction was performed by using 
coliform bacteria DNA polymerase I, and the single-chain 
part of the end was buried. Next, cutting was performed with 
Sph I and the smaller of the DNA fragments , containing a DNA 
sequence encoding SAL II, was obtained. These 2 DNA 
fragments were joined to prepare a recombinant plasmid pAT- 
trp-SAL II, in which a DNA sequence encoding SAL II was 
placed downstream from the sequence derived from the 
coliform bacteria tryptophan operbn. After this pAT-trp-SAL 
II was cut at the Sal I recognition site, located downstream 
from the SAL II DNA sequence, the single-chain DNA part was 
buried with coliform bacteria DNA polymerase I, and it was 
cut again at the site of the 5' end of the SAL II DNA by 
means of BamH I, cutting and removing the SAL II DNA. The 
larger of the DNA fragments obtained in this way was joined 
with a DNA fragment containing a DNA sequence encoding 
contracted HSA, obtained by cutting the pUC-tHSA plasmid 
with Hind III, burying the single-chain part with coliform 
bacteria DNA polymerase I, and cutting with BamH I; in this 
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treatment with DNA polymerase I was performed, burying the 
single-chain part, and a DNA seqfuence encoding contracted 
HSA was cut out by cutting with BamH I. These 2 DNA 
fragments were connected and a recombinant plasmid pAT-trp- 
phoA-tHSA, which expresses the fused protein phoA-tHSA in a 
form in which the alkaline phosphatase signal peptide and 
contracted HSA are sandwiched by spacers composed of the 
dipeptide Gly-Ser encoded by the BamH I recognition sequence 
GGATTCC, was constructed. The pAT-trp-phoA-tHSA plasmid was 
introduced into the coliform bacterium HBlOl by means of the 
characteristic transformation method, and the coliform 
bacterium HBlOl ( pAT-trp-phoA-tHSA) was obtained. This 
bacterium was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as BikokenkinJci No. 10951 (FERM P-1051 [ sic ]) . 

Actual Example 10. Expression of fused proteins composed of 
alkaline phosphatase signal peptide and mini-HSA or 
contracted HSA and the single contracted HSA molecule 

The fused proteins of coliform bacteria alkaline 
phosphatase signal peptide and human servim albumin fragments 
or contracted human serum albumin A alone, were expressed by 
means of pAT-trp-phoA-mHSA, pAT-trp-tHSA, or pAT- trp-phoA- 
tHSA as follows. 

Cultuxing 

Coliform bacteria strains HBlOl which had pAT-trp-phoA- 
mHSA, pAT-trp-tHSA, or pAT-trp-phoA- tHSA were cultured in 5 



38 



pulverized solution was centrifuged at 15,000 rpm for 20 
minutes, at 4°C, and a bacteria residue was obtained. This 
bacteria residue was resuspended in 25 mM Tris-HCl (pH 7.5), 
and the suspension was centrifuged at 15,000 rpm for 20 
minutes, at 4°C. This operation was performed once more, and 
the precipitate obtained was used as the insoluble fraction. 
SDS-polyacrylamide gel electrophoresis 

1) Analysis of bacteria total protein 

0.5 ml culture solution was centrifuged at 7 000 rpm for 
5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 pi SDS-sample solution [62.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2-mercaptoethanol ] and 
treated at 100 °C for 5 minutes. The result was applied to an 
SDS-polyacrylamide gel [Laemmli's method: Nature (London) 
711 f 680 (1970)], with a separation gel concentration of 
10%, and electrophoresis was performed. 

2) Analysis of insoluble fraction 

The residue was resuspended in 25 mM Tris-HCl (pH 7.5); 
part of this was taken and diluted with the SDS-sample 
solution. The insoluble protein was solubilized by treating 
at 100 °C for 5 minutes, and gel electrophoresis was 
performed. 

3) Staining and destaining 

After the electrophoresis was completed, the gel was 
immersed for 30 minutes to 1 hour in a staining solution 
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transferred to TBS solution containing 0.025% Tween-20 
(abbreviated below as "TTBS solution"), and a treatment was 
performed for 5 minutes, after which the same operations 
were repeated. The IgG fraction of anti-human albumin rabbit 
serum (Cappel Co.) was diluted 2000-fold with TTBS solution 
containing 1% gelatin, the filter was transferred to this 
solution, and a treatment was performed for 2-18 hours. 
Next, the filter was transferred to TTBS solution and 
treated for 5 minutes . This operation was repeated 2 more 
times. The filter was transferred to a solution of goat 
anti-rabbit IgG antibodies conjugated to horseradish- 
peroxidase (Bio-rad Co.), diluted 3000-fold with TTBS 
solution containing 1% gelatin, and a treatment was 
performed for 2 hours. After this treatment, the filter was 
washed twice with TTBS solution and once with TBS solution 
(5 minutes each time). The filter was transferred to a TBS 
solution containing 0.015% H2O2, 0.05% HRP chromogen reagent 
(Bio-rad Co.), and 16.7% methanol, and reaction was 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at certain places (Fig. 12). The expressed products 
of cross reactions of phoA-mHSA, contracted HSA, and phoA- 
tHSA with the corresponding anti-human serum albumin 
antibodies were observed at the positions of approximate 
molecular weights 37,000, 49,000, and 51,000, respectively. 
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non-translation region composed of the following 6 
nucleotides (HSA-3). . The base sequences of these probes are 
shown in Fig. 5. The synthesis of these probes was 
performed by using an automatic DMA synthesizer; the 
labelling was performed by using [y-^^p] aTP and 
polynucleotide kinase. Among the 200 lambda gtll clones 
which gave positive signals with HSA-2, DNA was prepared 
from 4 clones [Blattner et al . , Science 2112, 1279-1284 
( 1978) ]; this was digested with EcoR I enzyme, and the 
Southern blot of the digested material was hybridized with 
the HSA-2 probe [Southern, E., J. Mol . Biol. 503-517 
(1975)]. The hybridized fragments were obtained from 3 
clones; their lengths were 1.8 kb, 1.4 kb, and 1.3 kb. 
Among these, the fragments with the lengths of 1.8 kb and 
1.3 kb were svib-cloned with the pUC19 vector. These 
subclones were screened by colony hybridization [Grunstein 
and Hogness, Proc. Natl. Acad. Sci.USA 12, 39 61-3965 
(1975)], using HSA-1 and HSA-3, respectively, as probes. As 
a result, a clone lambda gtll (HSA I-A) which hybridized 
only with HSA-3 was obtained. Various DNA fragments of this 
clone were transferred to the vectors for determining base 
sequences M13mpl8 and mpl9 RF-DNA, and the base sequences 
were determined by the stain deoxynucleotide termination 
method [Sanger, P., Nicklen, S., andCoulson, A. R. , Proc 
Natl. Acad. Sci. USA 24., 5463-5467 ( 1977)]. On the other 
hand, with 20 of the clones which gave positive signals in 
the plaque hybridization of the lambda gtll clones performed 



The EcoR I recognition sequences at both ends were 
prepared in order to perform an insertion into the EcoR I 
site of the PUC plasraid; the Hpa II recognition sequence 
was prepared in order to fuse the HSA-A mature gene 
afterward; and the Nae I recognition sequence was prepared 
so that [the DNA fragment] would be cut directly after the 
codon encoding the last amino acid (21st alanine) 
constituting the signal peptide and leave smooth ends, and 
this could be fused directly with the DNA sequence encoding 
the mature protein. Two DNA chains composed of 72 
nucleotides were synthesized by using an automatic DNA 
synthesizer (Applied Biosystems Model 380B) , applying the 
phosphoamidite method described in Matteucci, M. D. and 
Caruthers, M. H. , Tetrahedron Letters 21, 719 (1980). 
Quantities (21 pmoles) of each of the synthesized DNA chains 
were treated at 37°C for 60 minutes in, e.g., solutions (50 
^1) containing 50 mM Tris-HCl ( pH 7.6), 10 mM MgCij, 5 mM 
dithiothreitol, and 0 . 2 mM ATP, in the presence of 6 units 
of T4 polynucleotide kinase (Takara Shuzo Co.), to perform 
phosphorylation of the 5' ends. 
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(10 ng) were treated at IS'C for 4 hours in a total of 30 pi 
of a reaction solution [66 mM Tris-HCl (pH 7.6), 6.6 mM 
MgCl2/ 10 mM dithiothreitol , 1 mM ATP] containing 2.8 units 
of T4 DNA ligase (Takara Shuzo Co.), and a recombinant 
plasmid was obtained. Ten pi of this reaction solution' were 
used for transforming the characteristics of the host 
bacterium, the coliform bacterium TB-1 strain. 

The sensitive coliform bacteria cells used in the 
characteristic transformation can be prepared by, for 
example, the calcium chloride method [Mandel, M. and Higa, 
A,, J. Mol. Biol._5Ji, 159-162 ( 1970)]. Specifically, an 
overnight culture solution of colifonn bacteria (e.g., the 
TB-1 strain) [in an agar-agar medium, e.g., Luria (LB) 
medium] was diluted 100-fold with the same medivun, and 
culturing with agitation was performed at 37 "C until the OD 
600 became 0.6. 1 . 5 pi were centrifuged at 5000 rpm for 5 
minutes, and the bacteria wer.e collected. These were 
suspended in 750 pi of 50 mM CaCl2, and after leaving this 
on ice for 20 minutes, the bacteria were collected by 
centrif uging . The precipitate obtained was resuspended in 
100 pi of 50 mM CaCl2, and the aforementioned DNA ligase 
reaction solution was added; the resulting material (25 
pg/ral) was left on ice for 4 0 minutes. After the temperature 
was held at 42 °C for 1 minute, 1 ml LB medium was added and 
the temperature was held at 37 °C for 30 minutes. 0.1 ml of 
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(1977)], and finally, the target pUC-phoA plasmid was 
identified. 

Reference Example 3. Preparation of plasmid pDC-phoA-HSA-A 
(Figs. 7-1, 7-2) 

The plasmid pUC-phoA-HSA-A,' containing DNA which 
encodes a fused protein composed of the signal peptide of 
coliform bacterial alkaline phosphatase (phoA) and normal 
h\iman serum albumin A, was prepared as follows. 

A fragment produced from clone lambda gtll (HSA-II), 
containing HSA cDNA obtained from a human liver cDNA 
library, by digestion by EcoR I and Xba I, was prepared; 
this fragment was joined with the larger of the fragments 
obtained by double digestion of the pUC19 plasmid by EcoR I 
and Xba I, using T4 DNA ligase, and the recombinant plasmid 
pUC-HSA-EX was constructed. 

The smaller of the fragments produced from this plasmid 
by double digestion by Aha III and Sal I was prepared. This 
fragment encodes [the part] from the 12th Lys to the 356th 
Thr of the mature normal human serum albumin A protein. In 
order to construct the genes which encode the mature normal 
human serum albumin A protein from the amine end, the DNA 
sequence corresponding to the 5' end was made by annealing 2 
chemically-synthesized fragments. This synthetic DNA 
sequence has the adhesion end sequence CG produced by 
cutting with the Hpa II and Cla I enzymes on the 5' end 
side, so that it can fuse with the DNA sequence which 



50 



the PUCI8 plasmid. In this way, [the part] of HSA-A from the 
358th amino acid Leu to the 585th amino acid Leu of the 
carboxyl end was encoded; furthermore, a double digestion 
product by Xba l/Hind LII, containing 62 nucleotides of the 
non-translation region of the 3' side, was prepared. This 
was mixed with the larger of the -fragments of the double 
digestion product of EcoR I/Xba I obtained from pAT-HSA-CX 
and the double digestion product of EcoR I/Hind III of 
pUC18; a linking reaction was performed by T4 DNA ligase, 
and the recombinant plasmid pUC-HSA-CH, containing all of 
the cDNA of the mature normal human serum albumin A, was 
obtained. 

Figs. 8-1 to 8-3 show the cDNA base sequences which 
encode all the amino acid sequences of mature normal human 
serum albumin A and the corresponding amino acid sequences. 

In order to join the cDNA of the mature normal human 
serum albumin A with the DNA sequence encoding the phoA 
signal peptide, the pUC-HSA-CH was cut with EcoR I/Cla I and 
the larger of the fragments produced was obtained. Using T4 
DNA ligase, this was joined with the smaller of the 
fragments obtained by the double digestion of pUC-phoA by 
EcoR I/Msp I (cutting the same recognition sequence as Hpa 
II), The plasmid pUC-phoA-HSA-A constructed in this way 
contained a DNA sequence encoding a fused protein consisting 
of phoA signal peptide (consisting of 21 amino acids) and 
mature normal human serum albumin A; it was inserted in 
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larger of the fragments obtained was used in the junction 

with phoA-HSA-AcDNA. 

On the other hand, the smaller of the fragments 

produced by the double digestion of pUC-phoA-HSA-A by EcoR 

I/Hind III (containing the phoA-HSA-AcDNA sequence) was 
joined with the larger of the fragments produced by double 
digestion of pAT153 with EcoR I/Hind III, obtaining the 
recombinant plasmid pAT-phoA-HSA. After this was digested 
with EcoR I, making a straight-chain DNA, it was acted on by 
coliform bacteria DNA polymerase I to bury the single-chain 
part of the end. After this, it was cut with Sal I and the 
smaller of the fragments was recovered as the part 
containing the phoA-HSA-A cDNA. This fragment was joined 
with the previously-mentioned fragment from the pAT-trp 
vector, obtaining the recombinant plasmid pAT-trp-phoA-HSA- 
A. 

This recombinant plasmid was introduced into the 
coliform bacteria strains HBlOl and C600, and the 
characteristic transformation products E. coli HBlOl (pAT- 
trp-phoA-HSA-A) and C600 (pAT-trp-phoA-HSA-A) were obtained. 

The coliform bacterium C600 { pAT-trp-phoA-HSA-A) , 
containing the recombinant plasmid pAT-trp-phoA-HSA-A which 
contains cDNA encoding the normal human serum albumin A, of 
this invention, was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as Bikokenkinki No. 9874 (FERM P-9874). 
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Figs. 8-1 to 8-3 show base sequences of the cDNA 
encoding all of the normal human serum albumin A of this 
invention. In the figures, the sequence within [ ], from 
amino acid 152 to amino acid 303, shows the amino acid 
sequence of the C-end side of the human serum albumin 
protein fragment of this invention and the base sequence 
encoding it. 

Fig. 9 shows the process of producing the plasmids pUC- 
phoA-niHSA and pAT-trp-phoA-mHSA. 

Fig. 10 shows the process of producing the plasmids 
pUC-tHSA and pAT-trp-tHSA. 

Fig. 11 shows the process of producing the plasmid pAT- 
trp-phoA-tHSA. 

Fig. 12 is an SDS-polyacrylamide gel electrophoresis 
diagram of the expression products of the plasmid pAT-trp- 
phoA-mHSA (lane 4), pAT-trp-tHSA (lane 2), and pAT-trp-phoA- 
tHSA (lane 3); the protein bands were stained with Coomasie 
Brilliant Blue. Lane 1 represents the size markers: 
phosphorylase B (molecular weight 94 , 000 ), bovine serum 
albumin (molecular weight 67 ,000 ), ovalbumin (molecular 
weight 43,000), carboxylic acid dehydrogenase (molecular 
weight 30,000), soybean trypsin inhibitor (molecular weight 
20,000), and lactoalbumin (molecular weight 14,400). The 
arrows indicate the various expression products. 
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Fig. 1 
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Fig. 3 
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Key to Fig. 3 

1. Fragment 

2 . Large fragment 

3. Joining, characteristic transformation 

4 . Signal 

5. Sequence of phoA-SAL II junction part 
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1. Base pairs 

2. Prepro leader sequence 
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Fig. 7-2 
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Key to Fig. 7-2 

1. (From Fig. 2-1) [apparently misprint for " 7- 1 " -Trans . ] 

2. Coliform bacteria DNA polymerase I treatment 

3 . Fragment 

4 . Promoter 
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8-2 

'ci'c i'^ ^" t'^'^'^ til til :'cl '.'cl Vcl '.'cl =;i cll ll'c li2 :ii 'clt 

til ^ 'oil t'^ Vii 'rVc '^l '.T. Irk 'cV^ I2c "ci'c l^c 111 'rlc ^Vc "cll ^? B 

'cV^ til ?ci ^? ic2 ^? '^l 11^ 'rl^ til til cZ? ^cc ll- IJ^I 

til 13:; ^c? i^s.^j^ ij:; icc "ci'c %i i^; s^c Si:; tii t;? $:?^ic sl^ 

Sc? ^? ^ til III 'S. ?cc \11 l^c ?Ir ^ic S^J: 5;ic 

?);^ Jci '.ii ^? c^i ^0 
;ic ^ i« 12; 'c^i til ?ci ^i? ^c? ^ ^? 

^ Jj;; ^ ^ 'cis tii ^? iic jj:; ^ i;? '.ir tii ^« tii 'c'^ ti: B 

8-3 

?^ 'kU Tc til ii; c^S ^IJ ?](c l^c '^l '■^ Iri Vcl til I'.'. resell rcl ^ l^i til 
l^'c 1^ c^x ^iX ):i; l^i Vd^ ^cc III ^c? 511 i^I in Scl %^ ^1^ 

■ s;? Ill ?cc ^is ^s; 2i? ^ic I'd cU i^i i;!; 

121 §is ?cc tic i^rd 111 ?cc v;^ ?^ s^; ^ii: cx^c:? ^ rd iii i^k lii ^ 

til 'r^'iirdltill'^l'^ 12^ ^ 2i4 ^cX ^? ii: 121 'c'rr ^cl tic ''^l til ^cl tH Ik'c Hi ix; 
til I2t ^ c?^ «s "-c^ Hi )ii 2ic J^Xc III )ii 'o'd 121 ij:: til til 'cii ';ii lir l^ Tri s:? B 
IT. 'cll lli til '^l Vcl ?cl '^l 2^x ilc ^ic 12^ til 'Jlilltl^ 

val Al« Ala Ser Gin Ala Ala Leu Cly Leu End 
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Fig. 10 




Key to Fig. 10 

1. Fragment 

2. Vector 



